Insertion of transposable elements constitutes a major source of spontaneous mutation in a variety of organisms ranging from prokaryotes to yeasts and higher eukaryotes (1) (2) (3) (4) (5) (6) (7) . In filamentous fungi, there have been reports of several genetically defined elements in Ascobolus that appear to represent classical transposons (8) (9) (10) (11) (12) ; however, none of these has been characterized at the molecular level. In Neurospora, two elements that insert in the mitochondrial genome have been described and characterized at the molecular level (13) (14) (15) . These elements do not appear to act as transposons in the nucleus. Recently, an element, pogo, has been described that is associated with a telomere of linkage group V of Neurospora crassa (16) . It was suggested that it is a transposable element based upon the facts that multiple copies exist in the genome and that these copies are found in different locations in different strains.
We have looked for transposable elements associated with spontaneous mutation at the am locus of Neurospora. The am gene was chosen for this kind of analysis because the gene has been cloned and well characterized at the molecular level (17, 18) and there is a simple direct selection procedure for am mutants (19) . Our initial experiments were done with standard laboratory strains; however, out of 80 spontaneous mutants analyzed, none appeared to be due to a transposable element (D. Sherman, B. Cheung, and J.A.K., unpublished data). As an alternative approach we decided to look among strains collected from nature in the hope that active transposable elements might be present in these undomesticated strains. David Perkins (personal communication) suggested that there might be an interesting element in Adiopodoume, a N. crassa strain collected from the Ivory Coast. Newmeyer and Galeazzi (20) had observed that there was some element in the genetic background of Adiopodoume that has a profound effect on the nature of breakdown products from the unstable nontandem duplication Dp(IL-IR)H4250. Per Standard Neurospora media were used (21) . Supplementation of minimal medium with glycine (1.5 mg/ml) was used to inhibit the leaky growth of am mutants. The direct selection procedure was used for the isolation of spontaneous am mutants (19) .
DNA Blots and Hybridization. One microgram of each digested genomic DNA was electrophoresed in a 0.7% agarose gel in Tris acetate buffer at 15-20 V for [16] [17] [18] hr. The DNA was transferred from the gel to GeneScreenPlus (NEN) by capillary transfer, hybridized (1% NaDodSO4/1 M NaCI/10% dextran sulfate containing 100 ,ug of salmon sperm DNA per ml; 650C), and rinsed (1% NaDodSO4/15 mM NaCl/1.5 mM sodium citrate, pH 7.0; 250C) as recommended by the manufacturer. Hybridization probes were labeled with [a-32P]dCTP by the method of Feinberg and Vogelstein (22) .
Library Construction. Genomic DNA, digested to completion with BamHI, was ligated to BamHI-digested A L47 DNA (23) . The ligation mix was packaged in vitro by commercial packaging extracts (Gigapack Gold, Stratagene). Recombinant phage were selected on Escherichia coli strain Q359 (23) . The resulting lysates were plated on strain Q358 (5000 plaque-forming units per plate). Plaques that contained am sequences were identified by using the jr-2 fragment as a probe (see Fig. 1 ).
RESULTS

Isolation of Spontaneous Mutants in Adiopodoume Hybrid
Strains. The procedure for selection of am forward mutants requires a strain with the lys-J marker. The Adiopodoume strain (FGSC 430) was therefore crossed to J852, a laboratory strain that has the genetic constitution lys-J ure-2; cot-i; rec-3 a. From among the progeny of this cross, nine independent lys-J strains were subjected to selection of spontaneous am mutants as described (19) . Table 1 This indicates that there is no obvious mutator activity for the am gene in Adiopodoume-derived strains.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. To detect mutations that might have been caused by insertion of transposable elements, DNA samples from these 33 mutant strains were screened by means of genomic Southern analysis for restriction fragment size alterations at the am locus. Fig. 1 Upper shows the am locus with a restriction map of the surrounding region. Genomic DNA from the mutants was digested with a variety ofenzymes, and Southern blots were probed with fragments from around the am locus. Only four mutants showed detectable alterations at the am locus. Fig. 1 Lower shows a Pst I digest of genomic DNA from these mutants and the strains from which they were derived. The Southern blot was probed with the labeled + Fig. 2 shows a restriction map of the 9.7-kb fragment cloned from the 3-2 mutant. As expected from the Southern analysis, it contains a 7-kb element inserted into the am gene. The element from the 8-2 mutant has been mapped less extensively. However, the broad internal structure appears to be very similar. In particular, the positions of the internal EcoRI sites are conserved. We carried out sequence analysis at the ends of each of the elements to determine their locations precisely in the am gene and to determine whether there had been any target sequence duplication associated with the insertions. Fig. 3 Fig. 1 Upper). Underlined sequences are present once in normal sequence but are duplicated in the mutant strains. For simplicity, both insertions are shown on one map although each mutation involves only one of the two insertions. The bent arrow indicates the transcriptional start site and direction of transcription (taken from ref. 18 ). Transcription of the am gene has a number of start sites (commonly referred to as stuttering), which span about 20 base pairs (bp) (18) . The indicated 28-to 48-bp spacing between the first block of sequence and the bent arrow reflects this stuttering.
For the same reason the length of the untranslated segment upstream of the second block of sequence is also variable as indicated.
position that the start codon has been duplicated as part of an overall 14-bp duplication of target sequences.
Tad Is Not Found in Standard Laboratory Strains. Since Tad appears to be a transposable element, it was of interest to determine whether it is present in multiple copies in Adiopodoumd and laboratory strains. Fig. 4 shows the results of genomic Southern analysis of DNAs from three strains digested with EcoRI and probed with the cloned Tad 3-2 fragment. It is clear that Adiopodoumd (lane a) and a hybrid derived from it (lane b) have multiple copies of Tad. All hybrid strains tested have patterns similar to the hybrid shown, although the absolute pattern of bands is different from hybrid to hybrid. There is a pronounced band at 2.1 kb, which corresponds in size to the larger internal EcoRI fragment found in both Tad 3-2 and Tad 8-2. This suggests that many of the copies of Tad have similar internal structure to that of Tad 3-2 and 8-2. In contrast to the Adiopodoume- To determine whether the Adiopodoumd strain contains any extrachromosomal Tad elements, undigested Adiopodoumd DNA was probed with the cloned 9.7-kb BamHI fragment from am(s3-2) (Fig. 4, lane d) Segregation of Tad Elements in Crosses. To follow the segregation of Tad sequences, we prepared DNA from members of several tetrads isolated from a cross of a standard laboratory wild-type strain (OR8-1a) to a strain (J1646) containing the 3-2 mutation. The DNAs were digested with EcoRI and subjected to Southern analysis. These Southern blots were sequentially probed with the 9.1-kb am fragment (jr-1), the internal 2.1-kb EcoRI fragment from Tad 3-2 (ec-16), and a 2.5-kb EcoRI-Cla I fragment from the right end of Tad 3-2 (ec-12). The blots were stripped between hybridizations with different probes. The results for a typical tetrad along with the 3-2 parent are shown in Fig. 5 (DNA from only one of each pair of sister spores is shown).
When the jr-1 (am) fragment was used as a probe each tetrad showed the bands expected if am, without (20.5 and 3.6 kb) and with (3.6 and 4.1 kb, not well resolved in this gel) the Tad insert, were segregating in a typical 2:2 fashion (Fig. 5A) , indicating normal segregation for the copy of Tad present at the am locus. The 9.5-kb band, visible in all lanes, is a downstream EcoRI fragment. When the ec-16 probe was used, a single 2.1-kb band of similar intensity in all lanes was predominant (Fig. SB) . This corresponds to the expected band size for Tad 3-2 and 8-2 and again suggests that most of the multiple copies of Tad have similar internal structures at least with respect to the EcoRI sites. Similar results were obtained when the internal 0.5-kb EcoRI fragment, ec-17, was used as probe (data not shown).
The ec-12 fragment should hybridize to EcoRI fragments from one end of each copy of Tad. The size of each end-fragment will depend upon the location EcoRI site at the particular chromosomal lI element, When the ec-12 fragment was used strain showed multiple bands, as expected if received multiple copies of Tad (Fig. 5C) 
